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The application of reversible tensile stress (3.3 GPa) to a pure fused
silica optical fiber has been found to produce a significant modification of

the Raman spectrum.(1) Other Raman changes due to irreversible uniaxial com-
" p .rni..G1) :(2) )-.and..Ge*areb.l. hydrostati. co(3)(1 GP), wre

uncovered recently. The ptresent work. constitutes a continuation of such stu-
dies in which Raman changes due to reversible torsion on a fused silica optical

fiber (at constant load) are described and compared to new Raman results (4 )

from irreversibly compacted fused silica.

The application of reversible torsion to a horizontal fiber involved twis-
ting one end, while the other end was rotationally immobilized just after pas-
sing over a vertical pulley. A constant downward force (load) was exerted by

a weight attached to the fiber below the pulley. A 3.7 m section of a silicone
clad pure fused silica fiber (4.5 m total length) was twisted 515 times before

failure, (5 ) corresponding to 501 degree/cm or 8.75 radian/cm. The resulting

spectrum is shown-'f"fig. l(b).

Comparison of the untwisted fiber spectrum, l(a), to that of the twisted
fiber, l(b), indicates that one significant Raman change due to torsion invol-
ves a loss of intensity between 0-450 cm-r. This result is evident from the

~16 cm-I half-width decrease shown, and by the difference spectrum (inset,

upper left).

Other Raman modifications similar to those of torsion are evident from

spectra of uncompacted (parent) and irreversibly compacted (9 GPa) fused silica,
figs. l(c) and l(d), respectively Here, the half-width decreaesA47 cm

and the difference spectrum (inset, lower left) is also similar to the one above.

Close examination of the two difference spectra, however, indicates that.
* they are not quite identical. The lower spectrum peaks at a higher frequency,

o350 cM-l, and a decrease in the intensity of the "defect" peak(6) at 490 cm-I

*i is apparent-an effect not previously detected under lower S/N.(2) But measure-

ments involving several spectra from twisted and untwisted fibers show that a
similar, but smaller, intensity decrease at 490 cm-I also occurs.

From all of the Raman spectral modifications examined for reversible ten-

sile stress, (') irreversible uniaxial compaction, (2) reversible hydrostatic

compression,(3) and irreversible neutron compaction (7 ) it appears that densifi-

cation decreases the Raman intensity between 0-450 cm- 1 . Generalizations in-

cluding the 490 and 605 cm-I "defect" peaks are harder to make. But an increase p
of intensity between 0-450 cm-1 , and an intensity increase at 490 cm"I were ob-

served for reversible tensile stress, whereas just the opposite effects are now
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Figure 1. Raman spectra from untwisted (a) and twisted (b) pure fused

silica optical fibers, and from (parent) uncompacted (c) and compacted

(9 GPa) bulk fused silica (d). The change in half-width from (a) to

-1
* (b), 16 cm , agrees favorably with the change in half-width from

(c) to (d), 17 cm , but the (a) and (b) half-widths should not be

* compared to the (c) and (d) half-widths because different samples and

conditions were involved.
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found for reversible torsion and irreversible compaction.

Raman intensity changes between 0-450 cm-l, if large, also entail fre-
quency shifts at 800 cm- and 1060 cm-1 . These effects may result from cor-
relato bebiie ut* te mean. tilt'angle. betwee ' eSa'da an... . .

-0 . ..br dg n an gl e 4 d -the mean. Si-O bbond...ngt..-. ... .. •. ,
bond len. h For Vitreous*silica only, we suggest that an increase of Jrefers to a decrease of and

an inrese of F (negative correlation between c and r' is well-established
for fused silica,(B) and a negative correlation between4yand 5 has been re-
ported for pressurized, 4 -quartz.(9)) The Raman intensity between 0-450 cm 1

is further suggested to decrease as 6 increases.
For reversible hydrostatic compression(3) and for irreversible neutron

compactions( 7) a large loss of Raman intensity between 0-450 cm-1 is accompa-
nied by an upward frequency shift at 800 cmI and by a downward frequency shift
at 1060 cm-1. With decreasing , an increase in the Si-O-Si bending force
constant is though.,,to move the 800 cm- 1 peak upward in frequency,(7) and a
decrease in the Si-O stretching forre constant due to an increase in I is
thought to move the 1060 cd-l.peak position downward.

From the correlations now suggested, namely, that increasing Cr refers to a
decrease in the Raman intensity between 0-450 cm-1 , 10450, as well as an upward
shift at 800 cm-l(increasing4') and a downward shift at 1060 cm -1 (decreasing

* 49), a table may be constructed involving tension, the three compressions, and
- torsion. Missing entries refer to frequency shifts at 800 or 1060 cm-1 which

are presently undetectable because they scale with the small Raman intensity
changes between 0-450 cm 1 . Nevertheless, this table suggests that d'decreases
with tensile stresso() whereas d'is suggested to increase for the three com-
pressive cases,(2),(3),(7)and also for reversible torsion.

A more detailed interpretation involving Gausssian deconvolution (I ) of the
0-450 cm-I region will appear subsequently.

Dr. P. N. Krishnan is thanked for helpful suggestions. This work was
supported by contracts from the Office of Naval Research.II
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